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SYSTEMAND METHOD OF ENABLING TCP 
SPLCE WITH A CONTENT-BASED 

CHARGING PROXY 

RELATED APPLICATION 

This application is a continuation of, and claims the benefit 
of priority from, U.S. patent application Ser. No. 1 1/555,696 
filed Nov. 2, 2006 now U.S. Pat. No. 7,809,840, the subject 
matter of which is hereby incorporated in full herein as if set 
forth in full herein. 

TECHNICAL FIELD 

The present invention relates generally to a system and 
method of enabling transmission control protocol (TCP) 
splice with a content-based charging proxy, and, in particular, 
to a system and method of enabling TCP splice with a con 
tent-based charging proxy, Such that control of a connection is 
transferred to the proxy when a predetermined triggering 
event OCCurS. 

BACKGROUND OF THE INVENTION 

Generally, communication protocols have been adopted to 
connect client systems with server systems on the Internet. 
One of the main protocols for transmitting data over networks 
is the transmission control protocol/internet protocol (TCP/ 
IP). While the internet, protocol (IP) deals typically with the 
transfer of packets, the transmission control protocol (TCP) 
enables two computer systems to establish a connection and 
exchange streams of data. TCP ensures dependable delivery 
of the data and guarantees that data packets will be delivered 
in the same order as originally sent. 
A TCP connection between a client and a server may be 

split as various points, such as at domain boundaries or at 
Internet service provider (ISP) servers. Many web-based ser 
vices utilize split-connection proxies, Soon as firewalls, gate 
ways for mobile hosts, and stream transducers. In traditional 
implementations, proxy servers utilize application modules 
to transfer data between the client and server connections. 
Unfortunately, Such application modules required substantial 
overhead tor handling the significant number of active TCP 
connections within the user space. 

To lower the overhead of split-connection proxies, a TCP 
splice module was introduced, thereby eliminating the dupli 
cative copying of data between buffers at network and appli 
cation layers that incurred for each packet exchanged 
between corresponding client and server endpoints. The ulti 
lization of the TCP splice module conserves the usage of state 
management resources by closing connection sockets in the 
application after the TCP splice is established. The TCP 
splice module transfers data from the server to the client 
directly through the IP-layer or the socket-layer in the net 
work kernel space. 

In a basic interaction mode, an HTTP proxy application 
can exploit TCP splice by receiving and processing the client 
request (e.g., HTTP GET or HTTPCONNECT), establishing 
the connection to the server, forwarding the request to the 
server, and invoking the TCP splice for the two connections. 
Typically, the TOP splice module or service provides for the 
bidirectional transfer of data between the two connections, 
until one of the endpoints (e.g., the client or the server) closes 
its connection. 

Although the TCP splice module provides advantages for 
many web-based services, there currently is no efficient way 
to enable TCP splice for a content-based charging (CBC) 
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2 
proxy. A CBC proxy generally extends the traditional split 
connection proxies with additional services that provide for 
accounting the Volume (or time) of data transferred through 
the proxy for each client or user and redirecting a client 
request (GET or CONNECT) if the volume (or time) of 
transferred data exceeds the limit allowed by the user's pre 
pay account. 

Applying the TCP splice module or service to a CBC proxy 
introduces several issues, because the use of content-based 
charging requires the CBC proxy to control redirecting of a 
client request, for example, when accessing a website with an 
access charge or when an account balance of a customer falls 
below a predetermined threshold. Existing TCP splice solu 
tions are either (1) connection-based, as the splicing is estab 
lished after the socket connections become available and the 
application relinquishes control of the connections com 
pletely after splicing, or (2) request-based, as the splicing of 
the TCP connections occurs on a request-by-request basis. 
Unfortunately, a connection-based TCP splice module does 
not provide a mechanism or facility to allow the CBC proxy to 
regain control of the connections bar processing a redirection 
request, for example, at the application layer, while a request 
based TCP splice module does not provide for the optimiza 
tion of state management resources, such as file descriptors 
for open-socket connections. 
What is needed is a system and method of enabling TCP 

splice connections with a content-based charging proxy, 
while allowing the CBC proxy to regain control of the con 
nections if a particular triggering event occurs. It is to such a 
system and method that the present invention is primarily 
directed. 

BRIEF SUMMARY OF THE INVENTION 

Briefly described, in preferred form, the present invention 
is a system and method of enabling transmission control 
protocol (TCP) splice between a client application and a 
server, while maintaining control of the connections by a 
content-based charging proxy. Generally, the system frame 
work includes a TCP splicing module for splicing connec 
tions between a client application and a server, an application 
proxy (e.g., content-based charging proxy for redirecting a 
request of the client application, and a content-based charging 
engine for determining the classification of the data flow 
between the client application and the server. If the data flow 
has a predetermined classification or a triggering event has 
been detected, the content-based charging engine transfers 
control of the connections to the application proxy. The appli 
cation proxy, for example, can redirect the client application 
to a predetermined service or source based on the classifica 
tion of the data flow. 
The content-based charging engine is further adapted to 

determine whether an account balance associated with the 
client application is below a predetermined threshold. If the 
account balance is determined to be below the predetermined 
threshold, then the content-based charging engine transfers 
control of the connections between the client application and 
the server to the application proxy. Moreover, the content 
based charging engine can monitor the time or Volume of 
transferred data between the client application and the server 
and, therefore, modify the accounting balanced based on the 
monitored time or balance. For example, a particular period 
of time or Volume of data may costa certain amount, which is 
then debited from the account balance associated with the 
client application. 

In addition to splicing connections between the client 
application and the server, the TCP splicing module typically 
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transferS data packets between the client application and the 
server. More particularly, the TCP splicing module transfers 
data packets between a network server buffer and a network 
client buffer of a network layer. The TCP splicing module, 
therefore, maintains the connections between the client appli 
cation or the server until the connections are closed or the 
content-based charging engine transfers control of tire con 
nections to the application proxy. 

Generally, the classification of the data flow as determined 
by the content-based charging engine can include a variety of 
classifications including, but not limited to, a no-charge flow 
Classification (e.g., free flow classification), a redirection 
flow classification (e.g., a flow renaming redirection), and a 
charge flow classification (e.g., content-based charging flow 
classification). Based on the data flow classification, the 
present invention handles the connections between the client 
application and the server in various manners, as described 
more fully below. 
The method of enabling TCP splice connections while 

maintaining proxy control includes receiving a request from a 
client application, establishing TCP splice connections 
between the client application and the server, determining a 
classification of the data flow associated with the request, and 
providing the request to the server, if the classification of the 
data flow is unrestricted or transferring control of the connec 
tions to the application proxy, if a triggering event has 
occurred. The application proxy may then process a redirec 
tion request, so that the client application is directed to a 
different service or source. 
The method can further include the enabling of an account 

ing service for modifying an account balance associated with 
the client application, determining whether the account bal 
ance is below a predetermined threshold, and transferring 
control of the connections to the application proxy, if the 
account balance is below the predetermined threshold. Fur 
ther, the data flow may be blocked by closing the connections 
between the client application and the server, when the deter 
mination is made that the account balance is below the pre 
determined threshold. 

These and other objects, features and advantages of the 
present invention will become more apparent upon reading 
the following specification in conjunction with the accompa 
nying drawings. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 illustrates a block diagram representation of com 
ponent structures of a framework or system for enabling TCP 
splice with a content-based charging proxy in accordance 
with preferred embodiments of the present invention. 

FIG. 2 illustrates a block diagram representation of a com 
puting environment which may be utilized in accordance with 
preferred embodiments of the present invention. 

FIG. 3 illustrates a block diagram representation of a call 
flow between a client application and server where the data 
flow is classified as unrestricted or free in accordance with 
preferred embodiments of the present invention. 

FIGS. 4A-4B, collectively known as FIG. 4, illustrate a 
block diagram representation of a call flow between a client 
application and a server where the data flow is classified as a 
flow requiring redirection in accordance with preferred 
embodiments of the present invention. 

FIGS. 5A-5C, collectively known as FIG. 5, illustrate a 
logic flow diagram representing a method of enabling a TCP 
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4 
splice with a content-based charging proxy in accordance 
with preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now in detail to the drawing figures, wherein like 
reference numerals represent like parts throughout the several 
views, FIG. 1 displays component structure of a system 100 
for enabling TCP splice with a content-based charging (CBC) 
proxy 130. The system 100 provides a framework for imple 
menting a TCP splice with a CBC proxy 130, while maintain 
ing control of the connections for the CBC proxy 130, so that 
a redirection request can be processed, if necessary. In opera 
tion, the present invention retains the advantages of using 
TCP splice, such as lowering the overhead of split-connection 
proxies, while preserving the necessary functionality of the 
CBC proxy 130 utilized in a content-based charging environ 
ment. 

As illustrated in FIG. 1, a client system 106, or application 
thereon, desires to communicate, generally over a network, 
with a particular server 109. In the content-based charging 
environment, the client system 106 can be associated with a 
financial account, whereby certain, but not necessarily all, 
content-based services provided to the client system 106 are 
paid for by or charged to the financial account. As described 
more fully below, some content-based services may be free, 
while other content-based services may have an associated 
charge rate dependent on the Volume or duration (time) of 
transferred data provided to or sent from the client system 
106. For example, when the account balance associated with 
the client system 106 falls below a predetermined threshold, 
the flow of content or data to and from the client system 106 
should be halted, and control of the connections between the 
client system 106 and the server 109 should be transferred to 
an application proxy 130, so that a redirection request, if 
applicable, can be processed. 
As is known by one skilled in the art, communications 

between the client system 106 and the server 109 generally 
use additional protocols, whereby data can be transferred 
through an application layer 112 and a network layer 115. 
Generally, a socket application program interface (API) 124 
is utilized in the application layer 112 to establish socket 
connections between the client system 106 and the server 
109, while an internet protocol 118 is utilized tortransferring 
data over the network layer 115. 
To facilitate communications between the client system 

106 and the server 109 within a content-based charging envi 
ronment, the system 100 of the present invention generally 
comprises a TCP splicing module 121, an application proxy 
130 (e.g., CBC proxy 130), and a content-based charging 
engine 127 (e.g., CBC engine 127). The TCP splicing module 
121 is adapted to splice connections between the client appli 
cation 106 and the server 109, thereby reducing unnecessary 
overhead caused by duplicate copying of data packets 
between buffers. Typically, the TCP splicing module 121 
transfers data packets between the network server buffer and 
the network client buffer during the communication session 
between the client application 106 and the server 109. 
The CBC proxy 130 is adapted to redirect, if necessary, a 

request from the client application 106. The redirection of the 
request can be to a predetermined server or service. Such as, 
but not limited to, a service allowing a user associated with 
the client system 106 to add funds to a corresponding account 
balance. As described more fully below, the CBC proxy 130 
controls the connections between the client system 106 and 
the server 109 depending on the content type of the data flow. 
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The CBC proxy 130 can include a redirection service 133 
adapted to perform or process the redirection request of the 
client system 106. The redirection service 133 allows the 
CBC proxy 130 to redirect the client system 106 to a prede 
termined service or server upon a particular triggering event. 

The CBC engine 127 determines the classification of the 
data flow between the client application 106 and the server 
109. Based on the classification of the data flow or other 
triggering factor, the CBC engine 127 can transfer control of 
the connections between the client application 106 and the 
server 109 to the CBC proxy 130 for potential redirection. 
The classifications for data flow can be generally catego 

rized as restricted and unrestricted classifications. An unre 
stricted classification of data flow within the content-based 
charging environment generally indicates that the type of 
request from the client application 106 and the data trans 
ferred between the client application 106 and the server 109 is 
generally free (no-charge). If the CBC engine 127 determines 
that the data flow is unrestricted or free, then the CBC engine 
127 instructs the CBC proxy 130 that there exists no reason 
for redirection and the CBC proxy 130, therefore, relin 
quishes control of the connections. Accordingly, data can 
flow between the client system 106 and the server 109 without 
charge or interruption. If the data flow is classified as unre 
stricted or free, the TCP splicing module 121 maintains the 
connections between the client application 106 and the server 
109, so that data can be freely transferred without charge or 
regulation. 
A restricted classification indicates that the data flow may 

need to be redirected for a predetermined reason, such as, but 
not limited to, an Advice of Charge (AOC) (e.g., advice to the 
user that a charge will apply for the requested service), advice 
to the user of a banned site in which the user is trying to 
access, the account associated with the user is out of credit for 
the charged flow, and other reasons for redirection. If the 
classification of the data flow is a redirection flow (e.g., a flow 
requiring redirection), then the CBC engine 127 transfers 
control of the connections to the CBC proxy 130 for proper 
redirection. If, however, the classification of the data flow is a 
charge flow, then the TCP splicing module 121 maintains the 
connections between the client application 106 and the server 
109 until the CBC engine 127 determines that the account 
balance associated with the client system 106 is below a 
predetermined threshold. Once the CBC engine 127 makes 
such a determination, the CBC engine 127 can transfer con 
trol of the connections to the CBC proxy 130. For example, 
the client system 106 may be redirected by the CBC proxy 
130 to a service where the user of the client system 106 can 
add funds to the associated financial account. 

Further, the CBC engine 127 can determine whether an 
account balance associated with the client application 106 is 
below a predetermined threshold. If the CBC engine 127 
determines that the account balance is indeed below a prede 
termined threshold, then the CBC engine 127 can transfer 
control of the connections between the client application 106 
and the server 109 to the CBC proxy 130 for processing. 

In an exemplary embodiment of the present invention, the 
CBS engine 127 is integrally coupled to the TCP splice mod 
ule 121, such that the CBC engine 127 can monitor the vol 
ume or duration (time) of transferred data between the client 
application 106 and the server 109. Accordingly, the CBC 
engine 127 can directly or indirectly modify the account 
balance associated with the client system 106 based on the 
monitored volume or duration (time) of transferred data. In 
other words, the CBC engine 127 can charge the user of the 
client system 106 for use of content-based services based on 
duration of the service or the amount of data exchanged. One 
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6 
skilled in the art will recognize that the CBC engine 127 may 
communicate charges to the CBC proxy 130, such that the 
CBC proxy 130 directly or indirectly modifies the account 
balance associated with the client system 106. 

Advantageously, the system 100 of the present invention 
performs CBC accounting tasks (via the CBC engine 127 and 
CBC proxy 130) at the network layer 115, so that the appli 
cation proxy 130 (e.g., CBC proxy 130) can fully take advan 
tage of the TCP splice module's 121 capabilities. The CBC 
engine 127 provides necessary services so that the application 
proxy 130 can relinquish control of the connections as early 
as possible. In an exemplary embodiment of the present 
invention, the application proxy 130 can relinquish control of 
the connections if the data flow is classified as free of charge 
and/or for non-persistent connections. Further, the CBC 
engine 127 allows the TCP splice module 121 to return the 
control of the connections back to the application proxy 130 
for processing a redirection request, if applicable. 

For example and not limitation, Table 1 provides various 
function calls utilized by the TCP splice module 121, CBC 
engine 127, and CBC proxy 130 for performing the various 
tasks described herein. The provided function calls within 
Table 1 provide further description of the functionality of the 
various components of the present invention. One skilled so 
the art will recognize that additional function calls may he 
necessary to implement the present invention, but are enabled 
by the present description, 

TABLE 1 

Exemplary Function Calls 

FUNCTION CALL DESCRIPTION 

splice(A, B) A typical TCP Splice procedure 
moves data packets between the 
wo sockets through simple 
manipulations of the network 
receive and send buffers. 
Splice(A, B) directly moves data 
packets between a network 
server buffer to a network 
client buffer. 
Returns a flow id of each 
client request, which is 
required by the CBC Engine to 
check flow classification, 
perform accounting, and check 
account balance. 
Returns the type of each data 
flow. The returned type can be 
one of the following 
classifications: 
redirection flow, 
CBC flow with charging rate, 
and free flow. 
Allows for the registering of a 
flow id to enable accounting 
for data passing through the 
flow with the particular 
flow id. 
Registers a call back function 
for the CBC Engine to call back 
when the account balance is 
below a predetermined 
threshold. 
Checks if the socket is a free 
PDPContext call. If so, all 
data access is free of charge 
and requires no redirection 
service. 
Checks if the socket is open 
for a persistent connection. 
Returns a redirected URL if one 
exists. Otherwise, returns a 

getFlowId (client request) 

flowClassification(flow id) 

accountingRegister(flow id) 

accountBalanceCallBackRegister 
(flow idcall back function, 
balance threshold) 

isFreePDPContext(socket) 

isPersistentConnection (socket) 

getRedirectURL(client request) 
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TABLE 1-continued 

Exemplary Function Calls 

FUNCTION CALL DESCRIPTION 

null value. A request could be 
redirected for an Advice of 
Charge' or because there is not 
enough credit in the account. 

Further, for exemplary purpose only, Table 2 provides 
pseudocode utilizing the function calls provided in Table 1 
that illustrates the functionality of the CBC proxy 130 and 
redirection service 133 using the TCP splicing module 121. 

TABLE 2 

Exemplary Pseudocode for CBC Proxy Using TCP Splice Module 

c = accept() f* client connection */ 
while (lisConnectionClosed (c)) { 

client request = read (c); f* request from client */ 
redirect URL = getRedirectURL(client request); 
if (redirect URL = NULL) { /* This is a redirect request */ 

f* write to client the redirectURL and status code */ 
write(c, redirect URL, redirect status code); 
break: * get out and then close the sockets */ 
else {/* This is a non-redirect request */ 
S = socket(); 
connect(s); /* server socket and connection */ 
write(s, client request); /* forward request to server */ 
splice(s, c); /* splicing between sand c */ 
if (isFreePDPContext(c) || lisPersistentConnection(c)) { 

break: * get out and then close the sockets */ 

if (c = NULL) close(c); 
if (s = NULL) close(s): 

One skilled in the art will recognize that the socket API 
124, internet protocol 118, TCP splice module 121, CBC 
engine 127, CBC proxy 130 and components thereof are 
configured with hardware and/or Software appropriate to per 
form the tasks and provide capabilities and functionality as 
described herein. 

FIG. 2 displays a block diagram representation of a com 
puting environment 200 which may be utilized in accordance 
with preferred embodiments of the present invention. More 
particularly, client system 106 and server 109 can utilize the 
computing environment 200 described herein. The client sys 
tem 106 and server 109 of the present invention can include, 
but are not limited to, personal computers, mainframe com 
puters, servers, hand-held or laptop devices, cellular phones, 
multiprocessor systems, microprocessor-based systems, set 
top boxes, programmable consumer electronics, network 
PCs, minicomputers, distributed computing environments 
that include any of the above systems or devices, and the like. 
It should be understood, however, that the features and 
aspects of the present invention can be implemented by or into 
a variety of systems and system configurations and any 
examples provided within this descriptionate for illustrative 
purposes only. 

FIG. 2 and the following discussion provide a general 
overview of a platform onto which an embodiment of the 
present invention, or portions thereof, can be integrated, 
implemented and/or executed. Although reference has been 
made to instructions within a software program being 
executed by a processing unit, those skilled in the art will 
understand that at least some of the functions performed by 
the Software can also be implemented by using hardware 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
components, state machines, or a combination of any of these 
techniques. In addition, a Software program which may 
implement an embodiment of the present invention can also 
run as a stand-alone program or as a software module, routine, 
or function call, operating in conjunction with an operating 
system, another program, system call, interrupt routine, 
library routine, or the like. The term program module is used 
herein to refer to Software programs, routines, functions, 
macros, data, data structures, or any set of machine readable 
instructions or object code, or Software instructions that can 
be compiled into Such, and executed by a processing unit 212. 

Turning now to the figure, computing device 210 may 
comprise various components including, but not limited to, a 
processing unit 212, a non-volatile memory 214, a volatile 
memory 216, and a system bus 218. The non-volatile memory 
214 can include a variety of memory types including, but not 
limited to, read only memory (ROM), electronically erasable 
read only memory (EEROM), electronically erasable and 
programmable read only memory (EEPROM), electronically 
programmable read only memory (EPROM), electronically 
alterable read only memory (EAROM), FLASH memory, 
bubble memory, battery backed random access memory 
(RAM), compact disc read only memory (CDROM), digital 
Versatile disc (DVD), or other optical disk storage, magnetic 
cassettes, magnetic tape, magneto-optical storage devices, 
magnetic disk storage or other magnetic storage devices, or 
any other medium which may be used to store the desired 
information. The non-volatile memory 214 can provide stor 
age for power-on and reset routines (bootstrap routines) that 
are invoked upon applying power or resetting the computing 
device 210. In some configurations the non-volatile memory 
214 can provide the basic input/output system (BIOS) rou 
tines that are utilized to perform the transfer of information 
between elements within the various components of the com 
puting device 210. 
The volatile memory 216 can include a variety of memory 

types and devices including, but not limited to, random access 
memory (RAM), dynamic random access memory (DRAM), 
synchronous dynamic random access memory (SDRAM), 
double data rate synchronous dynamic random access 
memory (DDR-SDRAM), bubble memory, registers, or the 
like. The volatile memory 216 can provide temporary storage 
for routines, modules, functions, macros, data, etc. that are 
being or may be executed by, or are being accessed or modi 
fied by, the processing unit 212. 

Alternatively, the now volatile memory 214 and/or the 
Volatile memory 216 can be a remote storage facility acces 
sible through a distributed network system. Additionally, the 
non-volatile memory 214 and/or the volatile memory 216 can 
be a memory system comprising a multi-stage system of 
primary and secondary memory devices, as described above. 
The primary memory device and secondary memory device 
can operate as a cache for each other or the second memory 
device can serve as a backup to the primary memory device. 
In yet another embodiment, the non-volatile memory 214 
and/or the Volatile memory 216 can comprise a memory 
device configured as a simple database file or as a searchable, 
relational database using a query language. Such as SQL. 
The computing device 210 can access one or more external 

display devices 230 such as a CRT monitor, LCD panel, LED 
panel, electro-luminescent panel, or other display device, for 
the purpose of providing information or computing results to 
a user. In some embodiments, the external display device 230 
can actually be incorporated into the product itself. For 
example, the computing device 210 can be a mobile device 
having a display device 230. The processing unit 212 can 
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interface to each display device 230 through a video interface 
220 coupled to the processing unit 210 over the system bus 
218. 

In operation, the computing device 210 sends output infor 
mation to the display 230 and to one or more output devices 
236 Such as a speaker, modem, printer, plotter, facsimile 
machine, RF or infrared transmitter, computer or any other of 
a variety of devices that may be controlled by the computing 
device 210. The processing unit 212 can interface to each 
output device 236 through an output interface 226 coupled to 
the processing unit 212 over the system bus 218. 

The computing device 210 can receive input or commands 
from one or more input devices 234 such as, but not limited to, 
a keyboard, pointing device, mouse, modem, RF or infrared 
receiver, microphone, joystick, track ball, light pen, game 
pad, Scanner, camera, computer or the like. The processing 
unit 212 may interface to each input device 234 through an 
input interface 224 coupled to the processing unit 212 over 
the system bus 218. 

It will be appreciated that program modules implementing 
various embodiments of the present invention can be stored in 
the non-volatile memory 214, the volatile memory 216, or in 
a remote memory storage device accessible through the out 
put interface 226 and the input interface 224. The program 
modules can include an operating system, application pro 
grams, other program modules, and program data. The pro 
cessing unit 212 can access various portions of the program 
modules in response to the various instructions contained 
therein, as well as under the direction of events occurring or 
being received over the input interface 224. 

The computing device 210 can provide data to and receive 
data from one or more other storage devices 232, which can 
provide Volatile or non-volatile memory for storage and 
which can be accessed by computing device 210. The pro 
cessing unit 212 can interface to each storage device 232 
through a storage interface 222 over the system bus 218. 

The interfaces 220, 222, 224, 226, and 228 can include one 
or more of a variety of interfaces, including but not limited to, 
cable modems, DSL, T1, T3, optical carrier (e.g., OC-3), 
V-series modems, an RS-232 serial port interface or other 
serial port interface, aparallel port interface, a universal serial 
bus (USB), a general purpose interlace bus GPIB), an optical 
interface such as infrared or IrDA, an RF or other wireless 
interface such as Bluetooth, and the like. 

For exemplary purposes only, FIGS. 3 and 4 illustrate call 
flows within the system 100 of the present invention without 
and with a redirection scenario, respectively. FIG.3 illustrates 
a call flow 300 between a client application 106 and server 
109 where the data flow is classified as unrestricted or free. 
Generally, a client TCP connection is established between the 
client system 106, TCP splice module 121, CBC engine 127, 
and CBC proxy 130. The client system 106 provides a request 
(for example an HTTP GET request) which is received by the 
TCP splice module 121. The TCP splice module 121 com 
municates with the CBC engine 127 in order to acquire the 
classification of the data flow. The CBC engine 127 deter 
mines the classification of the data flow and provides the 
classification to the TCP splice module 121. In the example 
provided in FIG. 3, the data flow classification is unrestricted 
or free. 
The TCP splice module 121 then provides the request from 

the client to the CBC proxy 130, indicating that the classifi 
cation of the data flow from the client is unrestricted or free. 
The CBC proxy 130 permits the connection with the 
requested server 109, thereby establishing a server TCP con 
nection between the CBC proxy 130 and server 109. The CBC 
proxy 130 then requests a splice of the client TCP connection 
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and the server TCP connection from the TCP splice module 
121 and provides the client request from the client 106 to the 
Server 109. 
The TCP splice module 121 established the splice between 

the client and server connections. The server 109 provides a 
response and/or data (e.g., HTTP RSP/DATA) to the TCP 
splice module 121, based on the received client request. The 
TCP splice module 121 then communicates with the CBC 
engine 127 to determine the classification of the data flow 
from the server 109. The CBC engine 127 provides the clas 
sification of the data flow from the server 109 to the TCP 
splice module 121. In this example, the classification of the 
data flow from the server 109 is unrestricted or free. Accord 
ingly, the TCP splice module 121 provides the data or 
response from the server 109 to the requesting client appli 
cation 106. 

FIGS. 4A-4B, collectively known as FIG.4, illustrate a call 
flow 400 between a client application 106 and a server 109 
where the data flow is classified as a flow requiring redirec 
tion. Generally, a client TCP connection is established 
between the client system 106, TCP splice module 121, CBC 
engine 127, and CBC proxy 130. The client system 106 
provides a request (e.g. an HTTP GET request) which is 
received by the TCP splice module 121. The TCP splice 
module 121 communicates with the CBC engine 127 in order 
to acquire the classification of the data flow. The CBC engine 
127 determines the classification of the data flow and pro 
vides the classification to the TCP splice module 121. In the 
example provided in FIG. 4, the data flow classification is a 
redirect. 
The TCP splice module 121 then provides the request from 

the client to the CBC proxy 130, indicating that the classifi 
cation of the data flow from the client is a redirect. The CBC 
proxy 130 utilizes the redirection service 133 to get the redi 
rect uniform resource locator (URL) associated with the par 
ticular data flow. The CBC proxy 130 then provides a 
response to the request, such that the redirect URL is pro 
vided, to the TCP splice module 121. The TCP splice module 
121 asks the CBC engine 127 to classify the response 
received from the CBC proxy 130. The CBC engine 127 
recognizes the response as a redirection and, therefore, clas 
sifies the response as unrestricted or free. The CBC engine 
127 provides the classification to the TCP splice module 121. 
The TCP splice module 121 then provides the response 

with the redirect URL to the client application 106. Generally, 
the client application 106 automatically generates a new 
request using the redirection URL provided (e.g., HTTP GET 
(REDIRECTURL)). The new request is provided to the TCP 
splice module 121. 
The TCP splice module 121 communicates with the CBC 

engine 127 in order to acquire the classification of the data 
flow of the new request. The CBC engine 127 determines the 
classification of the data flow with redirect and provides the 
classification to the TCP splice module 121. In this example, 
the data flow with redirect is classified as unrestricted or free. 
The TCP splice module 121 then provides the redirect 

request from the client to the CBC proxy 130, indicating that 
the classification of the data flow from the client is unre 
stricted or free. The CBC proxy 130 permits the connection 
with the requested (redirect) server 109, thereby establishing 
a server TCP connection between the CBC proxy 130 and 
redirect server 109. The CBC proxy 130 then requests a splice 
of the client TCP connection and the server TCP connection 
from the TCP splice module 121 and provides the client 
request to the server 109. 
The TCP splice module 121 established the splice between 

the client and server connections. The server 109 provides a 
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response and/or data (e.g., HTTP RSP/DATA) to the TCP 
splice module 121, based on the received client redirect 
request. The TCP splice module 121 then communicates with 
the CBC engine 127 to determine the classification of the data 
flow from the server 109. The CBC engine 127 provides the 
classification of the data flow from the server 109 to the TCP 
splice module 121. In this example, the classification of the 
data flow from the server 109 is unrestricted or free. Accord 
ingly, the TCP splice module 121 provides the data or 
response from the server 109 to the requesting client appli 
cation 106. 

FIGS. 5A-5C, collectively known as FIG. 5, illustrate a 
logic flow diagram representing a method 500 of enabling a 
TCP splice with a CBC proxy 130 in accordance with pre 
ferred embodiments of the present invention. The method 500 
of the present invention allows the application proxy 130 to 
regain control of the connections between the client 106 and 
the server 109 whenever necessary for processing a redirec 
tion request. The method 500 further optimizes the use of 
state management resources by closing Socket connections of 
the client application 106 for non-persistent connection and 
free of charge PDP content, while keeping connections for 
only those that may require the redirection in a persistent 
connection. 
More specifically, the method 500 of enabling a TCP splice 

with a CBC proxy 130 begins at 503 where the TCP Splice 
module 121 receives a request from a client application 106 
(e.g., an HTTP GET). The TCP Splice module 121 can then 
establish TCP splice connections at 506 between the client 
application 106 and the server 109 via the CBC Proxy 130. 
The TCP splice module 121 can receive data flow from the 
client application 106 and the server 109. When the TCP 
splice module 121 receives any request or data flow, the TCP 
splice module 121 asks at 509 the CBC engine 127 to classify 
the data flow. 

The CBC engine 127 determines the classification of the 
data flow provided by the TCP splice module 121. If, at 509, 
the CBC engine 127 determines that the data flow classifica 
tion is unrestricted or free, then the TCP splice module 121 
permits the transfer of data between the client 106 and server 
109, such as by allowing the request from the client 106 to be 
provided to the server 109 by the CBC proxy 130, at 512. 
Next, at 515 the TCP splice module 121 transfers data packets 
between the network client buffer and the network server 
buffer. After the transfer of data is completed, method 500 of 
the present invention is terminated. 

If, at 509, the classification of the date flow is not restricted 
or free, then the data flow is restricted as either a charge flow 
or a redirection flow (e.g., a flow requiring redirection). At 
518, if the CBC engine 127 determines that the data flow is a 
charge flow, then the CBC engine 127 at 533 enables an 
accounting service associated with the client application 106. 
The accounting service accesses an account balance associ 
ated with the user of the client application 106. 

Next, at 536, the CBC engine 127 determines whether the 
account balance is below a predetermined threshold. If the 
account balance is not below the predetermined threshold, 
then the TCP splice module 121 provides the request (or data) 
to the server 109 (or client 106, depending on the direction of 
data flow) at 548 via the CBC proxy 130. The TCP splice 
module 121 then, at 551, allows for the transfer of data pack 
ets between the network client buffer and the network server 
buffer. During the transfer of data between the client 106 and 
the server 109, the CBC engine 127 monitors duration (time) 
or volume of data transferred and modifies the account bal 
ance accordingly (e.g., based on a predetermined charge rate). 
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The CBC engine 127 then determines, at 536, whether the 
account balance is below a predetermined threshold. 

If the CBC engine 127 determines that the account balance 
is below a predetermined threshold, then, at 539, the CBC 
engine 127 instructs the TCP splice module 121 to transfer 
control of the connections to the application proxy 130. The 
TCP splice module 121, at 542, may also close the connec 
tions between the client application 106 and the server 109. 
Next, at 545, the CBC proxy 130 processes a redirection 
request, if applicable. The client application 106 is then redi 
rected to a predetermined server or service. Method 500 then 
terminates in accordance with the present invention. 

If, however, at 518, the CBC engine 127 determines that the 
data flow is not classified as a charge flow, then at 521 the 
CBC engine 127 determines whether the classification of the 
data flow is a flow requiring redirection. If, at 521, the CBC 
engine 127 does not classify the data flow as a flow requiting 
redirection, then, the method 500 terminates in accordance 
with the present invention. Otherwise, at 524, the CBC engine 
127 instructs the TCP splice module 121 to transfer control of 
the connections to the application proxy 130. Then, at 527, 
the request is forwarded to the client socket buffer. The CBC 
proxy 130, at 530, processes the redirection request. The 
client application 106 is then redirected to a predetermined 
server or service. Method 500 then terminates in accordance 
won the present invention. 
Numerous characteristics and advantages have been set 

forth in the foregoing description, together with details of 
structure and function. While the invention has been dis 
closed in several forms, it will be apparent to those skilled in 
the art that many modifications, additions, and deletions, 
especially in matters of shape, size, and arrangement of parts, 
can be made therein without departing from the spirit and 
Scope of the invention and its equivalents as set forth in the 
following claims. Therefore, other modifications or embodi 
ments as may be suggested by the teachings herein are par 
ticularly reserved as they fall within the breadth and scope of 
the claims here appended. 
What is claimed is: 
1. A system for enabling transmission control protocol 

(TCP) splice connections between a client application and a 
server while maintaining proxy control, the system compris 
1ng: 

a TCP splicing module for splicing connections between 
the client application and the server, 

an application proxy for redirecting a request of the client 
application; and 

a content-based charging engine adapted to determine the 
classification of a data flow between the client applica 
tion and the server, wherein the content-based charging 
engine transfers control of the connections to the appli 
cation proxy if the data flow has a predetermined clas 
sification. 

2. The system of claim 1, wherein the content-based charg 
ing engine is further adapted to determine whetheran account 
balance associated with the client application is below a pre 
determined threshold, such that the content-based charging 
engine transfers control of the connections to the application 
proxy if the account balance is below the predetermined 
threshold. 

3. The system of claim 2, wherein the content-based charg 
ing engine is further adapted to monitor a Volume of trans 
ferred data between the client application and the server and 
modify the account balance based on the monitored volume 
of transferred data. 

4. The system of claim 2, wherein the content based charg 
ing engine is further adapted to determine a period of time in 
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which data is transferred between the client application and 
the server and modify the account balance based on the deter 
mined period of time. 

5. The system of claim 1, wherein the TCP splicing module 
is further adapted to transfer data packets between a network 
server buffer and a network client buffer. 

6. The system of claim 1, wherein the classification of the 
data flow determined by the content-based charging engine 
includes a no-charge classification, a redirection classifica 
tion, and a charge classification. 

7. The system of claim 6, wherein the TCP splicing module 
maintains the connections between the client application and 
the server if the data flow is determined to have the no-charge 
classification. 

8. The system of claim 6, wherein the content-based charg 
ing engine transfers control of the connections to the appli 
cation proxy if the data flow is determined to have the redi 
rection classification. 

9. The system of claim 6, wherein, if the data flow is 
determined to have the charge classification, the TCP splicing 
module maintains the connections between the client appli 
cation and the server until the content-based charging engine 
determines whether an account balance associated with the 
client application is below a predetermined threshold, such 
that control over the connection is transferred to the applica 
tion proxy if the account balance is below the predetermined 
threshold. 

10. A method for enabling transmission control protocol 
(TCP) splice connections while maintaining proxy control, 
the method comprising: 

receiving a request from a client application; 
establishing TCP splice connections between the client 

application and a server; 
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providing the request to the server; 
determining whether a triggering event has occurred, 

wherein the triggering event is related to a type of con 
tent of a data flow associated with the request; and 

if the triggering event has occurred, transferring control of 
the connections to an application proxy. 

11. The method of claim 10, wherein providing the request 
to the server includes transferring data packets between a 
network client buffer and a network server buffer. 

12. The method of claim 10, whereintransferring control of 
the connections to an application proxy includes forwarding 
the request to a client socket buffer. 

13. The method of claim 10, further comprising: 
processing a redirection request by the application proxy, if 

the triggering event has occurred. 
14. The method of claim 10, wherein determining whether 

a triggering event has occurred comprises: 
enabling an accounting service for modifying an account 

balance associated with the client application; 
determining whether the account balance is below a pre 

determined threshold; and 
if the account balance is below the predetermined thresh 

old, transferring control of the connections to an appli 
cation proxy. 

15. The method of claim 14, further comprising: 
blocking the data flow by closing the connections between 

the client application and the server, if the account bal 
ance is below the predetermined threshold. 

16. The method of claim 14, further comprising: 
processing a redirection request by the application proxy, if 

the account balance is below the predetermined thresh 
old. 


